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To simulate some of the conditions which prevail in laser-
enhanced electrodeposition (LEE) of gold from three acid cyanide
baths, containing cobalt, nickel and iron respectively, gold plating
was conducted at elevated temperatures and pressures. It was
found that almost pure gold deposits were formed which were simi-
lar to deposits obtained from the baths by LEE. Experiments of this
type produce deposits of relatively larger surface areas, which are
more suitable for analysis, than deposits obtained by LEE. It is
suggested that this simulation system may be useful in developing
electrolytes suitable for use in LEE.
In laser-enhanced electrodeposition (LEE) of gold, metal de-
position occurs preferentially from electrolyte which is locally
heated to temperatures of 100°C or higher as a result of the
laser-irradiation of the substrate surface. This situation has no
parallel in conventional plating. In this article, we report pre-
liminary results from studies of gold deposition at similar
elevated temperatures but without laser irradiation of the
cathode. The baths studied were Au/Co, Au/Ni and Au/Fe acid
cyanide baths of the type used for the conventional production
of bright hard deposits. In the temperature range of LEE
(% 100°C) the codeposition of other metals and of non metals
from these baths dropped greatly, thereby affecting the hard-
ness and surface structure of the deposits. It is concluded that if
deposits with specified properties are to be obtained in laser-
enhanced plating of gold, electrolytes must be specially devel-
oped for the purpose. In the screening of electrolytes for this
purpose, deposition from them at elevated temperatures by the
method developed for this study may well prove rewarding.
Heating of the electrolyte at the interface between it and the
cathode, leading to localised electrolyte temperatures as high
as 120°C, is a highly significant factor in the LEE of metals. A
number of publications (1-4) has appeared in which the effects
of this localised heating of the electrolyte on the mechanism of
electrodeposition have been discussed.
The small size of the deposits from LEE makes it difficult to
study their properties. This explains why virtually no infor-
mation has been published so far about physical and chemical
properties such as the chemical composition, hardness and re-
sistance to wear of the electrodeposits formed under these con-
ditions. The chemical composition and structure of the de-
posited metal, which determine its other properties, are
particularly important for applications of laser enhanced
plating.
In an earlier study (4), however, in which measurements
were made on deposits using energy dispersive X-ray analysis
(EDAX) in the scanning electron microscopy (SEM), it was
found that the deposits obtained by LEE from a gold/cobalt acid
cyanide bath of the normal type were virtually cobalt-free, in
contrast to those obtained under conventional conditions. In
the case of deposits from gold/nickel acid cyanide baths, similar
studies showed that codeposition of nickel with the gold dur-
ing LEE was not greatly affected.
Since the extent to which cobalt and nickel are codeposited
with the gold determines, to a large measure, the functional
properties of the respective deposits (5,6), it became apparent
that a more detailed study of the codeposition of other el-
ements with gold from these and other electrolytes, under con-
ditions of laser-enhancement, was of special importance.
One possible approach to this problem is to simulate tem-
perature conditions of laser-enhanced plating. This can be
done by conducting the plating operation in an autoclave at in-
creased temperature and pressure. Although it did not seem
possible to simulate other factors such as, the microconvection
effects of the boiling electrolyte under laser-enhanced con-
ditions, nevertheless we decided to proceed with a series of
autoclave studies of gold plating. These were carried out at
various temperatures up to 160°C (5 bar).
In this' manner, coatings were formed several square centi-
metres in area and up to several micrometres in thickness, ac-
cording to the electrolyte used. Copper and silver sheets were
used as substrates. Tests carried out on the coatings included
chemical analysis, determinations of ductility, resistance to
wear and hardness, and X-ray, metallographic and scanning
electron microscopic examinations.
This publication is limited to an account of some of the re-
sults of initial experiments using gold/cobalt, gold/nickel and
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gold/iron acid cyanide plating baths at plating temperatures up
to 160°C. The equipment developed for the autoclave studies
will not be described here. These baths are widely used in the
selective plating of connectors, and are of potential importance
in laser-enhanced gold plating. Their selection for study is also
appropriate since the compositions and properties of the coat-
ings obtained from them under normal plating conditions have
been studied intensively, and hence data are available for com-
parison purposes.
Results and Discussions
In all the three types of baths, deposition was from a 250 ml
bath at pH 3.5, using a current density of lAklm 2. The substrates
were copper or silver sheets. Freshly prepared electrolyte was
used in each experiment.
Deposits from a Gold/Cobalt Bath
Since earlier detailed studies (7-9) of deposits from baths of
this type under normal conditions were made using weak acid
gold(I) cyanide electrolyte buffered with citrate, this type of
gold/cobalt bath was selected for use. Its composition is set out
in Figure 1.
Figure 1 illustrates the variation in the cobalt content of the
electrodeposits with bath temperature. The values plotted are
average values from two series of experiments. In agreement
with the results of the earlier studies (9), the cobalt contents of
deposits at 40°C were in the range 0.3 to 0.5%. These earlier
studies indicated a trend towards lower cobalt content with in-
creasing temperature. However, the results of the present study
show that with increasing temperature the cobalt contents of
the deposits first increased to a maximum of 0.8 to 1.0 per cent
at about 80°C, and then dropped sharply between 100 and
120°C to about 0.1 per cent. Above 120°C the cobalt contents of
deposits were very low so that the coatings were virtually pure
gold.
From the current efficiency — temperature diagram (Figure
8) it will be noted that a weak minimum in current efficiency
occurs over the temperature range of 60°C to 80°C over which
the cobalt content of the deposits is a maximum. At higher
temperatures the current efficiency increases gradually and
reaches 100 per cent at 160°C, which is about 40°C higher than
the temperature at which the cobalt content of the deposits is
significantly below 0.1%. Between 120 and 160°C, a second
cathodic reaction must be taking place in addition to gold de-
position. The same effect was observed in three series of
experiments using both gold/cobalt and gold/nickel electro-
lytes, and at this stage no full explanation of it can be given.
More extensive studies, which are in progress on the percent-
ages of hydrogen, oxygen and nitrogen and on the relative per-
centages of complexed and total cobalt in the deposits, may
throw light on the matter. Preliminary measurements of carbon
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contents indicated that these had minimum values of 0.005 to
0.006 per cent in coatings from gold/cobalt and gold/iron elec-
trolytes between about 100 and 120°C (Figure 4). In deposits
from gold/nickel electrolytes, the contents were higher.
The hardness of the deposits changed roughly in parallel
with the variations in their total cobalt contents. Coatings de-
posited above 90°C had HV10 hardnesses of only 100. Almost
certainly, increasing healing of lattice defects plays a role in de-
termining the hardnesses of coatings deposited at higher tem-
peratures. The structures of the coatings as observed by SEM
are in accord with their optical appearance. Deposits formed
from below 100 to 120°C are still bright and yellow, but those
formed above 120° are increasingly matt brown in appearance.
At the same time the surface structure altered from smooth
(Figure 5) to coarsely crystalline (Figure 6). This latter surface
structure corresponds with that of gold and palladium coatings
obtained by laser enhanced plating (Figure 7) (Figure 16 in
(4)) and with that of coatings from gold/nickel and gold/iron
electrolytes produced at similar temperatures.
The similarity between the structures of coatings deposited
with laser-enhancement and those of coatings formed at el-
evated temperatures in the autoclave confirms the dominant
role of local electrolyte temperature in laser-enhanced plating.
It supports the hypothesis that the properties of coatings
formed from gold/cobalt electrolytes by laser-enhanced and by
`autoclave' plating at suitable elevated temperatures should be
comparable.
Fig. 5 Scanning electron micrograph of the surface of a gold-cobalt coating
containing 0.35% cobalt deposited at 40°C.
Fig. 6 Scanning electron micrograph of the surface of a gold-cobalt coating
containing 0.02% cobalt deposited at 160 °C.
Fig. 7 Scanning electron micrograph of the surface of a gold coating formed by
laser-enhanced electrodeposition.
72	 GoldBull., 1986, 19, (3)
Deposits from a Gold/Nickel Bath
The composition of the bath and the variations in the average
values of the nickel contents of deposits obtained in two series
of experiments are shown in Figure 2. Agreement with the re-
sults of earlier studies (8) of deposits formed below 60°C is
very good.
On account of relatively weaker complex formation by
nickel, the contents of nickel in the deposits are greater by a
factor of 4 to 5 than the contents of cobalt and iron observed in
similar experiments.
A fall in base metal content, similar to that observed with de-
posits from gold/cobalt baths, occurs above 80°C but takes
place much more gradually. Thus at 140°C, at which tempera-
ture the gold/cobalt bath produces deposits with 0.02 per cent
cobalt, the gold/nickel bath produces deposits containing
0.8 per cent nickel.
The rise in the current efficiency/temperature curve (Figure
8) is virtually identical with that observed using the gold/cobalt
bath. The minimum in the current efficiency is also at about the
temperature at which the base metal content of the deposit is a
maximum (ca. 80°C).
Although the nickel contents of the deposits fall more gradu-
ally above this temperature than do the cobalt contents of de-
posits from gold/cobalt baths, the current efficiencies increase
with temperatures in an almost identical manner.
With increasing electrolyte temperatures, not only do the
nickel contents of the deposits decrease, but also their carbon
contents below 60°C and above 100°C, with a maximum in the
C-values at 80°C (Figure 4).
In accord with their relatively higher concentrations of base
metal, electrodeposits from gold/nickel baths are harder (see
Figure 9) than those obtained from gold/cobalt and gold/iron
electrolytes under similar conditions. Moreover, they decrease
in hardness more slowly with increase in deposition tempera-
ture than coatings from these latter electrolytes.
A maximum of 300 in the HV10 hardness of the deposited
gold is observed near 80°C (Figure 9), which is the temperature
at which the maximum amount of nickel is plated out with the
gold (Figure 2). Only at 160°C, when their contents of base
metal in the deposits all approach zero, do the hardnesses
of the deposits from the three baths fall to similar values
(ca. 100 HV).
In preliminary SEM studies, the surface structures of de-
posits from the gold/nickel bath were found to be similar to
those from gold/cobalt and gold/iron baths. At 160°C the same
structure, namely that shown in Figure 6 for a deposit from the
gold/cobalt baths, was observed in deposits from the gold/
nickel bath.
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Deposits from a Gold/Iron Bath
The bath composition is listed in Figure 3. The deposits
differ considerably from those obtained from gold/cobalt and
gold/nickel baths in that they exhibit no maximum in their con-
tent of iron as the deposition temperature is increased. In
agreement with the results of earlier studies (7), a steep de-
crease is observed in their contents of iron as the temperature
is increased (Figure 3), and above 100°C almost iron-free gold
is deposited. At this temperature also, the carbon content of the
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deposits has decreased to less than 0.02 per cent (Figure 4). In
accord with the steady fall in the iron-content of the deposits,
the current efficiency of gold deposition increases steadily with
deposition temperature to as high as 100 per cent at about
160°C (Figure 8). The change in the gradient of the current
efficiency/deposition temperature curve at about 80°C, which
occurs with gold/cobalt and gold/nickel baths, is not observed.
The hardness of deposits from the gold/iron electrolyte falls
rapidly with deposition temperature as is the case with deposits
from the gold/cobalt bath (Figure 9).
The appearance of the gold/iron coatings, by SEM examin-
ation, was similar to that (Figures 5 to 7) of gold/cobalt and
gold/nickel coatings.
Summary and Discussion
Three weakly acid bright gold plating baths have been inves-
tigated and the variations in the current efficiencies of gold de-
position and in the composition, hardness and structure of the
deposits have been established over a temperature range of 40
to 160°C. The baths studied were a gold/cobalt, gold/nickel and
a gold/iron bath, and it was found that with each of them the
codeposition of base metal, and other impurities, with the gold
decrease at temperatures above 80°C. The C in the Au-Ni system
forms an exception. There were only minor differences be-
tween the baths in this respect. As a result, the properties of the
deposits formed btween 80 and 160°C from all three baths
differed greatly from those of deposits formed at lower
temperatures.
Specifically, the current efficiencies of gold deposition in-
creased by a factor of approximately three under conditions of
accelerated deposition, rising from about 35 per cent at 35°C, to
70 per cent at 120°C, and to 100 per cent at 160°C. Between
80°C and 120°C, the percentage nickel in the deposits from the
gold/nickel bath fell from about 4.5 per cent to 1 per cent, the
percentage cobalt in the deposits from the gold/cobalt bath fell
from about 1 per cent to under 0.1 per cent, and the percentage
iron in the deposits from the gold/iron baths fell from about
1 per cent to under 0.1 per cent. From all three baths, the
deposits at 160°C were essentially pure gold.
As regards hardness, the changes were equally impressive.
At 120°C, the deposits from the gold/cobalt and gold/iron baths
had HV10 hardnesses which were virtually the same as that of
pure gold. In accord with their higher base metal contents be-
tween 80°C and 120°C, however, the deposits from the gold/
nickel bath had hardnesses which fell more slowly with
temperature, and reached the figure for pure gold only
near 160°C.
Conclusions
These studies cover the range of temperatures (100-120°C)
over which electrodeposition takes place in laser-enhanced
plating of gold. They emphasise the extent to which the high
electrolyte temperatures, which prevail at the interface with the
substrate during this type of plating, can influence the
properties and compositions of the deposits which it yields. As
a corollary, it must be concluded that if gold coatings with
specified properties are to be produced by this new plating
technique, electrolytes will have to be developed specially for
the purpose.
In view of the difficulties inherent in using laser enhance-
ment for the production of deposits which are large enough for
determination of their properties by conventional methods, it
is suggested that the behaviour of electrolytes under evaluation
be tested at elevated temperatures by the methods exemplified.
Although such testing does not simulate all the conditions
under which deposition occurs in laser-enhanced plating,
experience such as has been recorded above should facilitate
interpretation of the results obtained, and provide an improved
basis for the extended application of laser-enhanced electro-
deposition of gold. q
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